Some degree of deficit irrigation is normally applied to orchards in semi arid environments 24 in order to reduce unwanted vegetative growth and to increase water productivity. In this 25 study the effect of three irrigation treatments on the yield and quality of the fruit production 26 2 was evaluated during five consecutive years (2008)(2009)(2010)(2011)(2012) in a commercial drip irrigated 1 late season peach (Prunus persica (L). Batsch cv ´Calrico´) orchard. Irrigation treatments 2 consisted in a full irrigation (FULL) with irrigation applications covering the crop water 3 requirements, a sustained deficit irrigation during the whole irrigation season (SDI) with 4 irrigation applications of 62.5 % of the FULL treatment and a regulated deficit irrigation 5 (RDI) with a reduction of water applied to 50 % of the FULL treatment in the stone 6 hardening period. The differential irrigation treatments created negligible differences in the 7 stem water potential of the trees. Results showed that fruit production was only 8 significantly higher in the FULL treatment than in the other two treatments in 2008 but in 9 the rest of the years no significant differences were found between treatments. The 10 average fruit weight was significantly smaller in the SDI treatment than in the FULL and 11 RDI treatments. Firmness of the fruits in the SDI treatment was significantly lower than that 12 of the FULL and RDI treatments and the total soluble solids of the SDI was significantly 13 higher than the FULL and RDI treatments. Color parameters of the fruit skin and flesh 14 were also affected by the irrigation treatments. The higher values of the soluble solids 15 content (SSC) and the relation SSC/TA (total acidity) and the slight decrease in fruit 16 diameter found in the SDI treatment suggest that irrigation water saving can be achieved 17 without affecting the commercial profitability in the semi arid conditions of the Lower Ebro 18
Introduction 24
In 2009 the peach and nectarine orchard area in the world was around 1.5 million 1 ha, China is the country with the highest peach production which represents over half of 2 the world peach production. Another important peach production area is located in 3 southern Europe which includes the countries of Spain, France and Greece (FAO, 2011) . 4
The peach orchards in Spain covered an area of 50,000 ha in 2010 (MAGRAMA, 2011) . 5
Around 50% of the peach and nectarine orchard area is cultivated in the regions of Aragón 6 and Cataluña in Northeast of Spain. Most of these orchards have early season cultivars in 7 order to put the fruit production in the markets as soon as possible at the beginning of the 8 summer season and obtain high economic profit. However in recent years the late season 9 peach orchards which are harvested at the end of the summer and early fall are getting a 10 higher relevance since this kind of peach characterized by its very firm flesh and 11 sweetness is highly appreciated by the consumers. In an area of Aragón of around 5000 12 km 2 in the Northeast of Spain, a group of late season peach cultivars has been grown for a 13 long time with a great acceptance by the consumers because of their excellent aspect and 14 organoleptic characteristics. Peaches of these late season cultivars grown in this area 15 have a unique and special denomination named "Calanda peach". These peaches reach 16 significant higher prices than the regular peaches and nectarines. The most important 17 cultivars included in the "Calanda peach" denomination are 'Jesca', 'Calante' and 'Evaisa' 18 (Espada et al., 1991). The fruit of these clingstone cultivars has round shape; the skin is 19 light yellow without red spots and very low pubescence. The fruit flesh is yellow, non-20 melting and firm with high sugar content. Maturation is between middle of September and 21 the beginning of November. At present new cultivars have been added to the 22 denomination of "Calanda peach" and the demand of this type of peaches is increasing. 23
One of the most characteristic agronomic practices of "Calanda peach" is 24
introducing the fruit into a paper bag during the stone hardening phase in order to protectPrunus persica). This rootstock is tolerant to Fe deficiency; it is well adapted to calcareous 1 and arid soils but is sensitive to anaerobic conditions in the roots. The trees in the 2 experimental orchard were planted at a spacing of 6 m by 2 m and pruned in Y formation 3 system with two main branches starting at around 0.5 m from the soil surface. The soil of 4 the plot has an average depth of 1.5 m and is a sandy-loam soil. It is classified as calcic 5 haploxerept, fine loamy, mixed, thermic (Soil Survey Staff, 2006) . The gravimetric average 6 soil field capacity and permanent wilting percentage are 21 % and 12 %, respectively. Soil 7 bulk density is 1600 Mg m -3 . 8
The peach orchard was managed according to the normal cultural practices in the 9 region: Irrigations were applied daily with an automated drip system with two laterals per 10 tree row located at 0.5 m from the rows with 1 m spaced self compensating emitters of 2, 3 11 and 4 L h Fruits were thinned in early June to a target crop load of about 140 fruits per tree 24 and then the fruits were covered with individual paper bags. Each tree of the experimentalunits was harvested individually in two harvesting events performed during the month of 1
September. 2 3

Experimental design 4 5
The experiment design was a complete randomized block with five replicates and 6 three differential irrigation treatments: 1) control or fully irrigated treatment (FULL) with 7 100% of the Gross Irrigation Requirements (I) estimated by the own farmer according to 8 the irrigation recommendations from the Irrigation Advisory System of Aragón 9
(http://servicios.aragon.es/oresa/) for the experimental orchard in the county of Caspe. 10
This irrigation advisory system uses the FAO methodology (Allen et al., 1998) taken to determine its electrical conductivity (EC). 8
Disturbed soil samples in the 0-60 cm soil layer were taken in April and September 9 with a 6 cm diameter soil auger near a tree in the different irrigation treatments from 2009 10 to 2012. Samples were taken in two positions: one adjacent to the emitter (0 cm) and the 11 other one at 25 cm from the emitter between the emitter lateral and the tree row (25 cm). 12
For each position, sub-samples were taken in both sides of the tree row and the two sub-13 samples of each position were mixed together to get one single sample at 0 cm and 14 another sample at 25 cm from the emitter. The auger holes were refilled with soil after 15 each sampling. The soil samples were weighed and oven dried and weighed again to 16 determine its gravimetric water content (GWC) in the laboratory. A total of 120 soil 17 samples were analyzed every year (10 trees treatment The fruits of each tree of the different irrigation treatments were individually 14 harvested. All the fruits of each tree were weighed and the number of fruits was counted. 15
The average weight of the fruit was determined from these data in each tree. 16
The fruit yield productivity (FYP) of each tree was calculated as the fruit yield 17 divided by the initial trunk cross-sectional area (kg cm Hardened Low Ash Filter F2054, Barcelona, Spain). Total soluble solids content (SSC) of 25 the juices in ºBrix was assessed using a digital hand refractometer (PAL-1, Atago Co. Ltd.,Tokyo, Japan), the total acidity (TA) expressed in meq/100 ml, and the pH were measured 1 by automatic titration of 50 mL of juice with 0.1N NaOH solution (785 DMP Titrino, 2 Metrohm AG, Herisau, Switzerland). The sugar-to-acid ratio (SSC/TA) was calculated from 3 recorded data to assess the influence of the different irrigation strategies in this maturity 4 index. SSC/TA is the fruit quality parameter that is ultimately most closely related with 5 consumer acceptance of peaches (Crisosto et al., 2006). 6 7
Statistical analyses 8 9
Statistical analyses were performed using Analysis of Variance (ANOVA) and 10
General Linear Model (GLM) procedure of the SAS 9.1 software (SAS Institute, 2004). 11
Multiple comparisons among treatments were performed using Duncan test at P = 0.05. 12 13 higher with an average value of 282 mm. For a more detailed analysis of the water applied 9 in the three irrigation treatments, three periods were considered: 1) from blooming until the 10 beginning of stone hardening (P1), during the stone hardening period (P2) and from the 11 end of the stone hardening phase until the end of the irrigation season of the peach 12 orchard (P3) ( Table 1) . Very slight differences in the depths of water applied were found 13 between treatments FULL and RDI in the periods P1 and P3 that were due to the 14 variability in the water meter readings. These differences were in all cases lower than 4 %. 15
Results 14 15
Meteorological variables, crop evapotranspiration (ETc) and irrigation (I) 16
In the SDI treatment the depth of water applied in the P2 period was 61 % of that of the 16 FULL treatment (Table 1) . Seasonal irrigation in all treatments in 2009 was lower than the 17 rest of the years. This was due to the lower development of the trees in the first two years. 18
The soil sampling performed from 2010 to 2012, showed that the average 19 The productivity of irrigation water (PIW) of the SDI treatment was significantly 10 higher than in the FULL and RDI treatments in 2009, 2011 and 2012. In these three years 11 no significant differences were observed in the PIW between the FULL and RDI treatments 12 (Table 5) (Table 5) . 2
The average values of firmness of the fruit flesh in all treatments and years varied 3 
years. 19
The statistical differences between treatments found in the SSC/TA maturity ratio, 20 related with the gustative fruit quality, were similar to those obtained in the SSC analysis. 21
The SSC/TA ratio obtained in the SDI treatment was generally higher than in the FULL 22
and RDI treatments as is showed for the whole studied period (2008-2012) statistical 23 analysis. As a whole, the higher ratios were measured in 2009, and the lowest in 2010. 24 A significant effect of the irrigation treatments in the CIELab color parameters of thesignificantly higher than that of the FULL and RDI treatments in the year 2008, and for the 1 whole data of the three years, but not differences were observed for 2010 and 2012. The 2 chroma value (C*) of the fruit skin, parameter related with the brightness, was slightly 3 higher in the SDI treatment than in the FULL and RDI treatments for the whole data of the 4 three years. Similar results were found with the hue angle (h*) of the fruit skin, where the 5 SDI treatment showed higher values than the FULL and RDI treatments for the whole data 6 set of the three years. These differences in the three color parameters of the fruit skin for 7 the whole studied period have been caused mainly for the data of 2008 since no statistical 8 differences were observed in 2010 and only statistical difference in the C* was observed in 9
2012. The fruit skin of the SDI treatment had slightly higher lightness, brightness and 10 closer to the yellow color than the other treatments. 11
The fruit flesh color parameters were evaluated only in 2010 and 2012. As it was 12 expected, variability of flesh color parameters was lower than in skin. Very similar values 13 were observed in the L* parameter ranging between 70 and 73. Although, lightness in RDI 14
for the whole set of data was statistically higher than in the other two treatments. This summer should be maintained above -0.9 MPa to maintain yields. 17
The fruit production was only reduced significantly in the SDI and RDI treatments in 18 2008 but no significant differences were found between treatments in the rest of the 19 experimental years or in the cumulative fruit production during the five experimental years. reduced only under severe water deficit conditions. Probably the lack of significant 7 differences in the TCSA in our experiment was due to lower water deficit than that of 8
Perez-Pastor et al. (2014). 9
Fruit quality was affected by the different irrigation treatments. The average fruit 10 weight in the SDI treatment was significantly lower than in the FULL and RDI treatments. 11
These results were confirmed with the fruit diameter data. For the whole studied period 12 In the present study a significant effect of the irrigation treatments in the CIELab L*, 1 C*, and h* color parameters of the peach fruit skin and flesh was observed. Delwiche et al. 2 (1987) found that during the fruit maturity, the peach skin and flesh become darker, 3 decreasing the L* value and the greenness, due to a decrease of the chlorophyll content 4 and increasing the a* coordinate as maturity progress, but the b* coordinate, remains 5 approximately constant. Fruits of the experimental orchard cv. "Calrico" and the other 6 "Calanda peach" cultivars are grown inside special paper bags primarily to prevent the 7 production damages caused by insects. However it was observed that the use of the 8 bagging operation improved also the fruit appearance and decrease the pre-maturation 9 fruit drop. Fruit bagging prevented the anthocyanin coloration of skin cells, produced in the 10 portion of the fruit highly exposed to sunlight. As a consequence the "Calanda peach" 11 varieties usually have fruits with uniform external light yellow color without any red blush in 12 the fruit skin. In general the red blush in the peach skin is a distinctive sign that makes the 13 fruit attractive to the consumer but this is not the case with the Calanda peach. The anthocyanin, whereas the bagged fruit had the smallest amount of anthocyanin. In our 21 experiment we observed that the skin fruit color of the SDI treatment had slightly higher 22 lightness (L*), brightness (C*) and color hue value (h*) closer to yellow color than in the 23 other treatments. Also the hue value (h*) of the flesh fruit color in the SDI treatment was 24 significantly higher than in the FULL and RDI treatments. These results could indicate a 25 slight advance in maturation in the SDI treatment in relation to the other two irrigationtreatments, in spite of the higher SSC content and the lower firmness in the fruits of this 1 treatment. The fact that the SDI treatment showed higher SSC content and lower firmness 2 could also indicate an early fruit maturity in this treatment because all treatments were 3 harvested in the same dates. However, the decrease in acidity linked to the earlier maturity 4
was not observed in the SDI treatment. The color coordinates of the fruit skin of the SDI 5 treatment showed a higher lightness, brightness and color closer to yellow than that of the 6 other treatments and as a consequence, a more attractive external presence. Li et al. 7
(2006) found that un-bagged peach fruit skin at maturation had higher L* and smaller h* as 8 compared bagged fruit. They also found that flesh firmness of un-bagged fruit was higher 9 than that of bagged fruit. Flesh firmness is considered a good indicator to predict the loss 10 of fruit weight during postharvest handling, fruit potential storage and market life (Li et al. 11
2006). Therefore high firmness at harvest time is also an essential fruit characteristic in 12 this type of fruits since an excellent external presence and fruit organoleptic quality are 13 expected by 'Calanda peach´s consumers. 14 In summary the results for the whole studied period showed that differences in fruit 15 yield and quality production between the RDI and FULL irrigation treatments were 16 insignificant. However the SDI treatment showed significant decreases of the average fruit 17 weight, diameter and firmness and significant increases of the SSC and the ratio SSC/TA 18 in relation to the FULL and RDI treatments. According to the findings of Berman and 19
DeJong (1996), water stress in orchards with moderate fruit load, of cv. "Calrico" and other 20 "Calanda peach" cultivars reduce the fruit fresh weight but not the dry weight. Also an 21 increase in fruit sugar concentration was found in the SDI treatment of our experiment that 22 has generally been associated with a decrease of the fruit water content (Crisosto et al., 23 1994). These results suggest that irrigation water in the late season peach orchards in 24 areas of Northeast of Spain can be reduced significantly if a small reduction in fruit size isobtain a higher consumer acceptance due to the increase of gustative quality due to the 1 increase of SSC and the ratio SSC/TA caused by a moderate water stress. Unfortunately, 2 the water stress produced by the SDI treatment penalizes the fruit diameter, an attribute 3 which defines the market prize and which is very appreciated by the "Calanda peach" 4 consumers. 
